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. , .elates to a method for the continuous production of room-temperature-curable organopotys- 
[00011 This invention relates to a meinoa m moisture present in air. 

oxani compositions that are cured at -'"J'^"' '^n^^^^^^^^^ that are cured by atmospheric moisture a am- 
[00021 Room-temperature-curable ^'^^'^'^'^^'J^^^^^'^Z^^ They have found wide application as sealants. 
Lnt Lperature into rubbery ^'^^'^'^^'^/^^.^'^^Jf^^^^^^^^^ in a number of fields, such as construction, ma- 
commercial adhesives. potting agents. ^'^^^"'^'^^^^^^^^^ siloxane compositions are typically pro- 
chinery. and electrical applications. "^^'^^P^^J^ ^2 sS^^-^^^^^^ 9~"P^ '''' '''^"Z 
duced by mixing diorgano- PO'y="°'«f ^^'"f^^ iZLtZ^Mcul and inorganic filler powder using a mixing 
,ane having at least 2 silicon-bonded ►^V^^'V^^J'^ ^ro^ps -n e^^^^ "^^^^^^ ^^^^ However, these production 

cone compositions in which the ingredients of a ''"'^^'^i -,3 then passed through a residence zone in 

Ted in the first mixing zone of a ^'^^^^^'^'ZT^^^^^^^^ P^-'^^"^ ^° ''''' 

is then extruded into storage containers. „„aration of room temperature curable silicone compositions, 

Snror^mprts^^^^^^^^^ 

The^esent invention is a highly productive, continuous method for the preparation of room-temperature- 
curable organopolysiloxane compositions. continuous production of room-temperature<urable orga- 
[00061 The present invention relates to a method fo ^onun 
S- siloxane compositions comprising continuously feeding 

iu. at oi^oc of 0 1 to 500 Pa.s that contains at least 

(A) 100 parts by weight of a diorganopolysiloxane with a viscosrty a^ 25 C 0, 0.1 

Sr^bonded hydroxyl groups or ^V^^^^^r^asT^^^^^^^^^^^^ hydrCyzable groups in each 

(B) 1 to 30 parts by weight of an organosilane ^J^^^ contains 

Tc) no 200 ra^brrgS^^^^ '^'^^^^^ rcontinuous mixing apparatus having starting 

p 0 to 10 parts by weight of a cure-accelera t ng ^^'^'V^^ installed at its bottom, and a 

LLrial feed openings (5,6, and 7) '-^^ f f ^J^f^^^;, ^^^^^^^^^^^^ rotatiin if said rotating disk, and in that 
rotating disk (4) installed within a casing ^^^^^J^^^'^ .^e.um mechanism-equipped degassing appa- 


[0007] 
40 [0008] 

the present invention 

Rpference numbers 

45 [0009] 

1 body of the continuous mixing apparatus 

2 cylindrical casing 

3 bottom end of the powder feed inlet 
1 a top plate 

1 b Inclined surface in the fomn of an inverted cone 

4 rotating disk 

5 powder feed inlet 

6 liquid feed inlet 

55 7 liquid feed opening 

8 liquid reservoir 

9 overflow tube 

10 rake-out blade 
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11a 

top-surface scraper 

11b 

side scraper 

12 

mixing pin 

13 

discharge opening 

14 

rotating axte 

15 

pulley 

16 

degassing apparatus (vented twin-screw extruder) 

17 

feed inlet 

18 

vacuum vent opening 

19 

screw 

20 

discharge opening 

A 

storage bin for inorganic filler powder 

B 

storage tank for dimethylpolysiloxane 

C 

storage tank for liquid additive 


[0010] The diorganopolysiioxane (A) used by the present invention is the base ingredient of the room-temperature- 
curable organopolysiloxane compositions, and it must contain at least 2 silicon-bonded hydroxyl groups or hydrolyzable 
groups in each molecule. This diorganopolysiioxane is well known as a starting material for room-temperature-curable 
organopolysiloxane compositions, and those diorganopolysiloxanes already known from the art can be used in the 
present Invention. Among these, hydroxyl-terminated diorganopolysiioxane with the following fomiula is preferred 


HO- 


R 

I 

-Si— O- 
I 

R 


R 

I 

-SiOH 

I 

R 


in which n is a positive integer that yields a viscosity at 25''C of 0.1 to 500 Pa.s and R represents substituted and 
unsubstltuted monovalent hydrocarbon groups. 

[0011] The R group in the above fomriula is exemplified by monovalent hydrocarbon groups such as methyl, ethyl, 
propyl, butyl, vinyl, phenyl, and the like, and by substituted monovalent hydrocarbon groups such as chloromethyl, 
cyanoethyl, and 3,3,3-trifluoropropyl. Component (A) must have a viscosity at 25**C in the range from 0.1 to 500 Pa. 
s. Good physical properties become difficult to obtain at below 0.1 Pa.s. At above 500 Pa.s, the room-temperature- 
curable organopolysiloxane compositions obtained suffer from problems such as poor extrudability and poor curability. 
[0012] Component (B) used in the present invention is a crosslinker that crosslinks component (A) to produce a 
network structure. Component (B) is specifically exemplified by organosilanes such as methyltrimethoxysilane, vinyl- 
triethoxysilane, methylvinylethoxysilane, methyltri(methyl ethyl ketoximo)silane, vinyltri{methyl ethyl ketoximo)silane, 
phenyltri(methyl ethyl ketoximo)silane, methyltriacetoxysilane, vinyltriacetoxysilane, phenyltriacetoxysilane, dimethyl- 
diacetoxysilane, methylethoxydiacetoxysilane, methyltri(N,N-diethylamlnoxy)silane, vinyltri(N,N-diethylaminoxy)si- 
lane, vinyltri(N-cyclohexylamino)silane, vinyltri(N-methylacetamldo)- silane, tetraacetoxysilane, tetra(methyl ketoximo) 
silane, and by the partial hydrolysis condensates of the preceding. Component (B) should be added at 1 to 30 parts 
by weight per 100 parts by weight component (A). The use of less than 1 part by weight component (B) prevents the 
production of a cured product having an excellent rubbery elasticity and excellent mechanical properties. The use of 
more than 30 parts by weight causes a reduced mechanical strength in the cured products. 
[0013] Inorganic filler powder (C) used in the present invention can be a reinforcing filler used for the purpose of 
imparting mechanical strength to the cured products obtained by curing the room-temperature-curable organopolysi- 
loxane compositions. The reinforcing inorganic filler powder is exemplified by fumed silica, calcined silica, and precip- 
itated silica, and by these silicas after surface hydrophobicization with organochlorosilane, organopolysiloxane, or 
hexamethyldisil-azane. These reinforcing silica fillers can be present in amounts of from 6 to 50 parts by weight per 
1 00 parts by weight of (A) and preferably from 5 to 25 parts by weight per 1 00 parts by weight of (A). Other examples 
of inorganic fillers include extending fillers which are exemplefied by calcium carbonate, magnesium carbonate, quartz, 
diatomaceous earth, barium sulfate, and calcium sulfate. Component (C) is added at from 1 to 200 parts by weight per 
100 parts by weight component (A) and is preferably added at from 5 to 150 parts by weight per 1 00 parts by weight 
component (A). An acceptable mechanical strength is not obtained in the cured product at additions of less than 5 
parts by weight of reinforcing silica fitter is used. The addition of more than 200 parts by weight per 1 00 parts by weight 
of (A) causes the resulting room- temperature-curable organopolysiloxane composition itself to have a too high vis- 
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o accelerate the cure of the room-ternperature-curable J,^ exemplified by metal 

sation reaction between components (A) and (B . ^^J l^''^^^^^ naphthenate. and tin octoate; organotin 

carboxylates such as iron octoate, cobalt '^^^"^^"^ and diphenyltin acetate; organotitanium 

compounds such as dibutyltin acetate. d,butylt,n iate. titanium acetoacetate. and 

compounds such as tetrabutyltitanate, triethanolam,ne^^^^^^^^^^^ 

organosiloxy-titanium, and ^^^^^^^^^^^^^^^^^^ by weight parts per 100 parts by weight 

1 00 parts by weight component (A) and preieraoiy ai iron 

component (A). H.=.rihPricomDonents(A)to(C)orcomponents(A)to(D)arecontinuously 
10015] inthepresentinvention.theabove-descr^edcom^^^^^^ 

led in their specified quantities into a ^'^^ « '^'^^ 

its top. a discharge opening installed at .ts bottom, a d a otetmg d,s ^^^^^^^^ ^^^^ ^^,3 

in their specified quantities by the rotation of the said "9 ^^^^^^^ 

;rposeisknownfromJP-A-62-106828(Japanes^^^^^^^^^^^^ 

which is equivalent to Japanese Patent 

0 the drawings. Figure 1 gives one f^'^^^ ^II'^^IZITa^^^^ feed inlet 5 for powder intake is installed 
cylindrical casing 2 fom,s the shell of t e '^^'^oZSte^^^^r^^^ of the casing contains a rotating disk 4 for 
at the center of the upper plate la of t^'^ ^«s'"9; 'ZZ^ ^ J t^e shape of an inverted cone. A discharge 

liquid-powder mixing and its lower region omis ^" "^^^^^^^^^^ Z casing there is connected a liquid 

opening 13 for the mixture is installed ,n this '"^''"/'^ "^^^^^^^^^^ a the crosslinker. curing agent, plasticizer, and so 
feed opening 7 for the feed of the vanous ''q^'^ ad^rt'^^^^^ rAn overflow tube 9 in the fom. of an inverted cone is 

plasticizer. are supplied through the hquid '^^^^ ' '^n' Se the top edge of the overflow tube 9 and 

L stored in liquid reservoir 8 and then flows f ^^'"^ '^^^^^^^^^ l"^, 5. jhte mixture is then mixed with the 
is mixed with the inorganic filler powder supphed "^^^^^^^^^^^^^ „ade 10 from discharge opening 13 

various liquid addith/es. The mixture .s ^'^^^arged through th^^^^^^^^ ^^^^^ ^^^^^ ^.^^.^ ^^^^ 

to the outside of the continuous mixing ^^[^Ji^^'^^V^^^^^^^^^^^^ and a plural number of mixing pins 12 

compartment and is equipped with a " ^^^^^^^^^ disk 4 is fixed at the top end of a rotating 

that are embedded in the rotating disk 4 The f °' ^^^^^^^^^^^^^ 15. This pulley 1 5 is set up to be drh/en by 

, axle 14. and the bottom end of the rotating ^n^^^^^^^^^^^^ 400 to 1500 rpm. 

rotational powerfrom a rscrib'd continuous mixing apparatus is preferably from 

[0018] The rotation rate of the rotating disk in tne aoov „,,:_oed with a jacket for cooling. 

[00 to 1 .500 rpm in the present 'mention. This appar^^^^^^^^^ > ^ ^^^^^ ,,3^,^,^,, ,,,, 

10019] The method of the present invention *.»^^";°"';^2„rrppar^^^ is equipped with a vacuum mechanism. 

5 above-described continuous mixing apparatus into « f S^^^^^. ^Pf,^^^^^^^^^^ under reduced pressure. No specific 
The air. volatiles. and water present in the mixture a^ here, and the invention method 

restrictionsapplytothevacuummechanism-equippeddegassingappja^^^ air etc.) and volatiles present 

can use thos^'apparatuses already known for the^^^^^^^^^^^^ 
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Kogyo Kabushiki Kaisha of Japan. 

[0022] The particular room-temperature-curable organopolyslloxane composition was Introduced Into a mold de- 
signed for the production of specimens for physical property measurements and was cured into a 2-mm thick sheet 
by standing for 7 days at 25*C and 56% humidity. The mechanical properties of this sheet were measured according 
5 to the procedures of Japanese Industrial Standard K 6301 . 

[0023] The particular room-temperature-curable organopoly- siloxane composition was sealed in an aluminum car- 
tridge, and this cartridge was held for 3 months at room temperature. After this holding period, a sample of the com- 
position was removed from the cartridge, heated in a 70''C oven for 2 hours, and scored for the presence/absence of 
foaming. 

10 

EXAMPLE 1 

[0024] Mixing was carried out by the rotation of the rotating disk within continuous mixing apparatus 1 while 50 parts 
precipitated calcium cartDonate powder (average particle size = 0.07 micrometers, surface treated with fatty acid) was 

15 continuously fed through the powder feed inlet 5 of the continuous mixing apparatus 1 , 50 parts hydroxyl-tenminated 
dimethylpolysiloxane with a viscosity of 15 Pa.s was supplied at the same time through the liquid feed inlet 6, and 5 
parts of a mixture of methyltrimethoxysilane and titanate ester was continuously fed through liquid feed opening 7. A 
mixture was continuously discharged from the discharge opening 13 of the continuous mixing apparatus 1 and was 
then supplied to the feed inlet 17 of a vented twin-screw extruder 16 (UD = 10) from Plastic Kogaku Kenkyu-sha of 

20 Japan. A tubular pump was used to transport the mixture from the discharge opening of the continuous mixing apparatus 
1 to the twin-screw extruder 16. The water, volatlles, and air present In the mixture were continuously removed by the 
imposition of a vacuum within the twin-screw extruder 1 6 through the vacuum vent opening 1 8. Three vacuum conditions 
(48 kPa, 21 .3 kPa, and 2.7 kPa) were executed. The mixture, at this point taking thefomn of the target room-temperature- 
curable organopolyslloxane composition, was continuously discharged from discharge opening 20 and sealed Into 

25 aluminum cartridges. The properties of this room- temperature-curable organopoiysiloxane composition were meas- 
ured and these results were as reported in Table 1 . 


TABLE 1 


30 



Example 

1-1 

1-2 

1-3 

Vacuum, kPa 

48 

21.3 

2.7 

□urometer 

26 

26 

26 

Tensile strength. kPa 

1775 

1795 

1814 

Elongation, % 

482 

505 

512 

Foamed 

no 

no 

no 

Water content, % 

0.16 

. 0.13 

0.12 


40 EXAMPLE 2 

[0025] M ixing was carried out by the rotation of the rotating disk while 20 parts surface-hydrophobicized fumed silica 
powder (R972 from Nippon Aerosil Kabushiki Kaisha of Japan, specific surface area = 200 m^/g) was fed through the 
feed inlet 5 of the continuous mixing apparatus 1 , 1 00 parts hydroxyl-temiinated dimethylpolysiloxane with a viscosity 

45 of 15 Pa.s was at the same time supplied through the liquid feed Inlet 6, and 5 parts of a mixture of methyltris(methyl 
ethyl ketoximo)sllane and dibutyltin dilaurate was fed through additive feed opening 7. The mixture was continuously 
discharged from the discharge opening 13 of the continuous mixing apparatus 1 and was then supplied to the feed 
inlet 17 of a vented twin-screw extruder 16 (LID = 1 0) from Plastic Kogaku Kenkyu-sha of Japan. A tubular pump was 
used to transport the mixture from the discharge opening of the continuous mixing apparatus to the twin-screw extruder. 

50 The water, volatlles, and air present in the mixture were continuously removed by the imposition of a vacuum within 
the vented twin-screw extruderthrough the vacuum vent opening 18. Three vacuum conditions (21 .3 kPa and 2.7 kPa) 
were executed. The product ejected from the twin-screw mixer, at this point taking the fornn of the target roomtemper- 
ature- curable organopolyslloxane composition, was continuously discharged from discharge opening 20 and sealed 
into aluminum cartridges. The properties of this room-temperature-curable organopolyslloxane composition were 

55 measured and these results were as reported in Table 2. 
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TABLE 2 
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15 



Example 

2-1 

2-2 

Vacuum, kPa 
Durometer 
Tensile strength, kPa 
Elongation, % 

21.3 
26 
1844 
470 

27 
26 
1824 
480 


20 


25 


SrSS becuL p-oduclon method .< oontinuodsh, lee^ng 

. ^ • at 9*^or of 0 1 to 500 Pa.s that contains at least 

(A) 100 parts by weight of a diorganopolysiloxane w.th a v.scosrty 25^C of 0.1 

^"liL^bonded hydroxy, groups or hydrolyzable groups ir, each 

(B) 1 to 30 parts by weight of an organosilane that contains 
molecule or the partial hydrolysis condensate thereof 

(C) 1 to 200 parts by weight of an inorganic P;*'^^^^^^^^^ ^ ..^ti^uous mixing apparatus having starting 
D 0 to 10 parts by weight of a -"^-^'^^'^Jr^^^^^^^^^^^ at its bottom, and a rotating disk installed 
material feed openings installed at rts top. a f^^^^^f °Pf^"^^^^^^^^ .^e said rotating disk, and thereafter contin- 
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Claims 

ing continuously feeding 

• ncitv at 25*C of 0 1 to 500 Pa.s that contains at 
(m To 200 parts by weight of an inorganic filler in powder fom.. and 

(D) 0 to 10 parts by weight of a cure-accelerat.ng catalyst , ,5 g, 7) installed at its top, a dis- 

nti a continuous mixing apparatus having ^^^^^^^^^^^ a casing (2) and are therein 

charge opening (1 3) installed at its "^;2?;Sh?S^^^ mixture is thereafter continuously intro- 

said mixture is removed under reduced pressure, 
a .e.od o, , — .^^.^ ,0^^.^-^ o^.p.^.x»-e 

* composition contains no more than 0.2 weight% water. 
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Patentanspruche 

zungen, umfassend kontinuierifehes Zufuhren von: 
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(C) 1 bis 200 Gewichtsteilen eines anorganischen FQIIstoffs in Pulverform und 

(D) 0 bis 1 0 Gewichtsteilen eines die Hartung beschieunigenden Katalysators 

n eine kontinuieriiche Mischvomchtung mtt an ihrem obe^n ^n^e vo^esehenen 0^^^^^^ 

Zufuhrstrom der Ausgangsmaterialien. einer an Ihrem Boden vorgesehenen Enttiahmeoffnung (13) und eine^ 

fnnplTles Gehluses (2) angeordneten rotierenden Scheibe (4). und Mischen derselben dann durch die 

Z^^Zt f^^ln VZe (4) und danach kontinuiertlches EInbringen der resuftierenden Mtechung 

rnrEmg^uSvorrichtung(16).iemiteinemV^ 

Mlschung vorhandene Wasserfraktion unter reduziertem Druck entfemt wird. 

Verfahren nach Anspmch 1 zur kontinulerlichen Herstellung. be! dem die be! Raumtemperatur hSrtbare Organo- 
polysiloxanzusammensetzung nicht mehr als 0,2 Gew.-% Wasser enthalt. 


Revendieations 

" 1. Proc6d6 de fabrication en continu de compositions d-organopolysiloxane durcissables k temp6rature amblante. 
comprenant I'introductlon en continu de : 

(AS 100 oarties en polds d'un diorganopolysiloxane ayant une viscosity k 25»C comprise entre 0.1 et 500 Pa. 
'StrntSrum'olnsagroupesVoxy.eou 

(B) 1 k 30 parties en poids d'un organosilane qui contient au moms 2 groupes hydrolysables Il6s au silicium 
dans cheque mol6cuie.ouducondensatd'hydrolysepartielledecelui-ci ; 

(C) 1 k 200 parties en poids d'une charge inorganique sous la fomie d une poudre ; el 

(D) 0 6 10 parties en poids d'un catalyseur acc6l6rateur de durdssement 

25 dans un appareH k mdlanger en continu ayant des orifices d'alimentation en produrts de depart (5 6 e 

7) plaSsTsa partle sup6rieure un ortfice d'^vacuation (13) piac6 k sa partie inf6neure et un d«que rotaW 
2) i Si & ?int6rieur d^in carter (2), dans lequel lis sont m61ang6s par rotation dudrt d.sque roteM (4)^etle 
mC qui en rtsulte 6tant ensuite introduit en continu dans un dispositif de d6gazage equ.p6 d un m&a- 
S vide (leidans lequel une fraction tfeau pr6sente dans ledit melange est 6hmm6e sous press.on 

30 r6duite. 

2 Precede de fabrication en continu selon la revendicatlon 1 . dans lequel la composition tforganopolyslloxane dur- 
cissable 6 temp6rature ambiante ne contient pas plus de 0.2 % en poids d eau. 


35 


40 


45 


50 


55 


EP 0739 652 B1 


EigureJ. 



EP 0739 652 B1 


Figure 2 



